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Summary of Evidence Supporting Tierra 
Responsibility for RM10.9 Costs 
• Modeling and salinity measurements indicate upstream transport to and 

beyond RM 10.9 
– Physical water column program data indicate salt front reaching beyond RM 10.2 

during low flows 
– 2 ppt isohaline observed near RM 10.9 during low flow periods (Chant et al., 2010) 

and confirmed by CPG modeling results 
– 0.5 ppt isohaline extends beyond RM 10.9 more regularly (EPA/HQI modeling 

results) 
• Enhanced upstream transport during period of 2,3,7,8-TCDD discharge at 

Lister Avenue is expected for two reasons (Chant, et al., 2010) 
– “Severe” drought and low flows 
– Deeper channel would have allowed greater salinity intrusion 

• Elevated levels of 2,3,7,8-TCDD extend to the low flow limit of salinity 
intrusion (CPG LRC Report) 

• Mass of 2,3,7,8-TCDD centered at Lister Ave with no second peak near RM 
10.9, and a distribution consistent with upstream transport mechanisms 

• Dioxin/Furan fingerprint at RM 10.9 matches Lister Ave. 
• 2,3,7,8-TCDD to DDx ratio matches downstream sediments 
• Human health cancer risks predominantly from TCDD (AECOM risk tool) 
• Influence of regional background levels on other COPCs  

2 



UPSTREAM TRANSPORT 
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Upstream Transport 
• Upstream sediment transport occurs due to a 

combination of effects.  Broadly: 
• Estuarine circulation 

• Vertical (or lateral) variations in tidally-averaged velocity and 
suspended sediment concentrations 

• Tidal pumping 
• Temporal correlation of velocity and suspended sediment over 

tidal cycle 
• Tidal asymmetry in bottom velocity is important in LPR, yielding a 

flood dominant bottom shear stress during low flows 

• The Estuarine Turbidity Maximum (ETM) 
• High suspended solids zone associated with enhanced 

deposition, and by association, trapping of sorbed 
contaminants 

• Commonly taken as the limit of net upstream solids 
transport 

4 



• Typically, the ETM occurs at the convergence 
zone near the salt front 
• Other factors influence its location, such that the 

ETM may occur somewhat landward of the salt front 
 
 
 
 
 

 
 

• Associated with enhanced solids/contaminant 
trapping, but not necessarily the limit of 
upstream 2,3,7,8-TCDD transport 

Estuarine Turbidity Maximum 

Dyer, 1995 
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Observations of ETM near the “head of salt” 
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Survey 
started about 
2 hours after 
high tide 
 
Flow at Little 
Falls: 44 cfs 
(P ≈ 3.7%) 

Flow at Little 
Falls: 11,700 
cfs (P ≈ 
99.9%) 

1 ppt 
Isohaline 

1 ppt 
Isohaline 



Salt Front Location, Recent Bathymetry: 
2009/2010 Mooring Data at RM 10.2 
RM 10.2 and 13.6 Max Daily Bottom Salinity 

2 psu 

0.5 psu 

RM 10.2 Max Daily Bottom Salinity 

2 psu 

0.5 psu 

Note: Flow at the Little Falls NJ USGS gage 
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Salt Front Location, Recent Bathymetry: 
Chant et al. (2010) Surveys 

• Developed relationship 
for 2 ppt isohaline vs 
flow 

• Shipboard surveys 
started about 2 hours 
after high tide 

• Chant et al. (2010) 
observed 2 ppt near RM 
10.9 
 Chant et al. (2010) 
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Salt Front Location, Recent Bathymetry: 
CPG Model Results 

• Simulated the 1995 
to 2004 period 

• Characterized the 
mean location of 2 
ppt isohaline as a 
function of the flow 
at Little Falls NJ 

• 2 ppt located at or 
above RM 10.9 for 
about 4.5% of results 
plotted here 
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Salt Front Location, Recent Bathymetry: 
HQI/EPA Model Results 

• Slightly earlier 
version of the CPG 
model 

• Same simulation 
period, 1994 - 2005 

• Characterized the 
high tide location 
of 0.5 ppt 
isohaline as a 
function of the 
flow 
 
 
 

SEI/HQI (2011) 
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Salt Front Location, Recent Bathymetry: 
Predictions of Intrusion Frequency 

 
• For PWCM data, the 

observed frequency of max 
daily bottom salinity for 
the sampling period is 
shown. For all other 
results, frequency was 
assigned using 1897 to 
2011 Little Falls flow 
record. 
 

• SEI/HQI (EPA) model result 
is approximate (read from 
plot) and reflects high tide 
location of 0.5 ppt front. 
 

• CPG model results reflect 
the mean location of the 2 
ppt front, using an Anchor 
QEA logarithmic fit. 
 

• Chant et al. (2010) is 2+ 
hours after high tide, i.e., 
like a mean tidal position. 
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How Far Upstream Does Salt Front Reach? 
• Salinity intrusion depends on river flow, tides, 

and geometry of the LPR and Newark Bay 
• The salt front would have reached further 

upstream in the past when LPR was deeper 
(prior to infilling); see Chant et al. (2010) 
 

Chant et al. (2010) 

MPI/EPA CSM 2007 
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Salt Front Location, Historical Bathymetry: 
CPG Model Sensitivity Results 

- Constant flow 
simulations at flows 
ranging from 100 to 
12000 cfs, with 
harmonic tidal 
forcing 
 

-  Compare 2 ppt 
isohaline location 
for 2004 vs 1980s 
bathymetry 
 

-  Note difference in 
2 ppt location for 
the 100 cfs 
simulation 
(P ≈ 7.5% in 1897 to 
2011 flow record) Note: LSZ = “Low Salinity Zone” = mean location of 2 ppt isohaline. 

Canizares et al. (SETAC 2009) 
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Salt Front Location, Bathymetry Impacts: 
Predictions of Bottom Salinity Intrusion 

Model relationships taken from Canizares et al. (SETAC 2009), applying 
1948-1969 flow frequencies.  Note that a small number of cases were used 
to derive functions; treat qualitatively. 
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Consider Low River Flows During Agent 
Orange Manufacturing Period 

Chant et al. (2010) 
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Consider 1948 to 1970 Hydrograph 

16 



RM 10.9 Contaminated Sediment Volume 
Consistent With Spatial Pattern in River 
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Reflecting dredging and estuarine dynamics, including channel geomorphology and ETM movement 

17 



2,3,7,8-TCDD PATTERNS 
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2,3,7,8-TCDD Extends to RM 13 



Peak Sediment 2,3,7,8-TCDD Concentrations 
at RM 10.9 Are Consistent With the Overall 
Spatial Pattern 

Carbon-normalized 2,3,7,8-TCDD Concentrations 
at Concentration Peak in Cores With Defined Peak 
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Spatial Pattern of 2,3,7,8-TCDD Mass 
Shows Evidence of Only One Source 
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RM 10.9 Deposit 
Contains about 0.25 kg 

Note: mass estimates subject to refinement based on supplemental sampling data 
and interpolation method 
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RM 10.9 Peak TCDD Laid Down Circa 1960 
Based on correspondence of peak Cs137 and 2,3,7,8-TCDD 
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A Number of the RM 10.9 Surface Sediment 
Samples Have High 2378-TCDD Due to Lack of 
Burial 



FINGERPRINTING EVIDENCE 
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Site and LPR HRC Sampling Locations 
A1 

A3 

2011 High-Resolution Core Samples 

1990/1992 Site Samples 
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Average Dioxin/Furan Fingerprint 

Lister Avenue Site Samples 
(excluding Tank Residue 

sample) 

Tierra Phase 1 Sediment at 
Peak 2,3,7,8-TCDD 

RM 10.9 Core Samples 
At Peak 2,3,7,8-TCDD 
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Comparison of RM 10.9 and Givaudan Site 
Fingerprints 

Givaudan Site Soils 

RM 10.9 Core Samples 
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Givaudan Fingerprint Confirmed By 
Fingerprint in 245-TCP Workers 
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2378/Total TCDD Signature at RM 10.9 
Consistent With Downstream Sediments 

 



2378/Total TCDD Signature at RM 10.9 
Consistent With Downstream Sediments 

Ratio at the depth of local maximum 2,3,7,8-TCDD concentration 
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Total DDx to 2,3,7,8-TCDD Ratio Similar to 
Downstream Sediments 
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Additional Lister Avenue Fingerprints -  
1,2,7,8-TCDD to 2,3,7,8-TCDD 

Sand Layer 
Sand Layer 

Sand Layer 

Location of peak 2,3,7,8-TCDD concentration 
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Additional Lister Avenue Fingerprints -  
1,3,7,8-TCDD to 2,3,7,8-TCDD 

Sand Layer 
Sand Layer 

Sand Layer 

Location of peak 2,3,7,8-TCDD concentration 
33 



1,2,7,8-TCDD to 2,3,7,8-TCDD Ratio at RM 
10.9 Matches Downstream & Lister Ave.  
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1,3,7,8-TCDD to 2,3,7,8-TCDD Ratio at RM 
10.9 Matches Downstream & Lister Ave.  
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Tierra 2011 Sediment Study – HCX 
Concentrations 

• Concentrations at RM 11.5 suggest considerable 
dilution of HCX at RM 10.9, meaning that the 
concentrations reaching the 10.9 deposit were much 
lower 

• No comparison made of concentrations at RM 10.9 and 
expected background HCX concentrations 
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HCX Much Lower at RM 10.9 than at RM 11.5 
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RM 10.9 HCX Levels Mostly in the Range 
of Upstream Background at Centredale 
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Tierra 2011 Sediment Study – 2,3,7,8-TCDD 
to HCX 

• Tierra does not show its 2,3,7,8-TCDD data 
• Using JDG split sample results, ratios indicate: 

– RM 10.9 dioxin much higher than can be ascribed 
to hexachlorophene manufacture 

• 30 to 400 versus  
– 0.2 to 0.35 at Centredale Manor and 0.01 to 12 at eastern 

Missouri site 
– 0.4 to 2.3 at RM 11.5 closest to the Givaudan site 

– RM 10.9 not unique relative to downstream 
sediment 

• 54 & 76 at RM 7.8 compared to 30 to 400 at RM 10.9 
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RM 10.9 Has Much More TCDD Than 
Expected Based on Centredale Data 

40 

TCDD/HCX 
0.2 to 0.35 

0 

1 

10 

100 

1000 

23
78

 T
CD

D
/H

CX
 

RM 10.9 RM 11.5 RM 7.8 



Tierra Spatial Pattern of 2,3,7,8-TCDD is 
Misleading 

• Compares 1995 and 2008 data, despite 
concentration changes due to burial & 
inconsistent patterns 

• Connects peaks, ignoring underlying patterns 
• Relies on surface sediment data, which cannot 

be used to assess spatial patterns 
– Concentrations depend on burial rate 
– Comparing sediments of different ages 
– Include samples from locations where sediments 

did not accumulate 
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Tierra Plot Shows Confusing Pattern of 
Peaks and Valleys 
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LRC and RM 10.9 Data Show Dependence 
of Surface Concentration on Burial Rate 
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RM 10.9 data 



Peak Sediment 2,3,7,8-TCDD Concentrations 
at RM 10.9 Are Consistent With the Overall 
Spatial Pattern 

Carbon-normalized 2,3,7,8-TCDD Concentrations 
at Concentration Peak in Cores With Defined Peak 

2,
3,

7,
8-

TC
D

D
 (u

g/
kg

-O
C

) 

44 



REGIONAL BACKGROUND 
LEVELS 



Surface COPC Trends 

2,3,7,8-TCDD (ng/kgoc) 

Total PCBs (ug/goc) 

Total DDx (ug/goc) 



Surface COPC Trends 

2,3,7,8-TCDD (ng/kgoc) 2,3,7,8-TCDD (ng/kgoc) 

HMW PAHs (ug/goc) 

Mercury (ug/goc) 



Regional COPC Concentrations 


